. Genes with adjusted P-values < 0.05 found by DESeq were assigned as 184 differentially expressed genes (DEGs). A GO enrichment analysis of the DEGs was 185 performed using the GOseq R package [35] . A KEGG pathway enrichment analysis of 186 DEGs was performed using KOBAS software [36] . 187 MapMan software [37] was also used to analyze citrus gene expression data. At the end, 188 the citrus genes from the reference genome of sweet orange (C. sinensis, 189 http://citrus.hzau.edu.cn/orange/index.php) were assigned to BINs using the Mercator 190 automated annotation pipeline (http://mapman.gabipd.org/web/guest/mercator), and 191 then, the pathways, which were affected by DEGs, were analyzed using MapMan. 192 Differentially represented MapMan pathways were defined using a two-tailed 193 Wilcoxon rank sum test corrected using the Benjamin-Hochberg method (false 194 discovery rate ≤ 0.05). CsGH3.1L in transgenic plants were evaluated by qPCR analyses (Fig. S2 ). Based on 203 the data, the pLGN-GH3.1 lines 1-3, -4, -5, -6, -8 and -9, and the pLGN-GH3.1L lines 204 L-2, -5 and -6 showed high expression levels. 205 After the transgenic lines were planted in a greenhouse, their phenotypes were 206 investigated. In the early stage (~6 months after planting), most transgenic plants 207 showed leaf drooping and upward curling ( Fig. 1a ). Gradual increased branching and 208 leaf curling were detected as transgenic plants grew (Fig. S3 ). Lines 1-3, 1-4, 1-5, 1-9, 209 L-2, L-5 and L-6, having high gene expression levels, had severe malformations, 210 while lines 1-1, 1-2 and 1-10, having low gene expression levels, showed no obvious 211 differences compared with WT ( Fig. S3 ). Line 1-8 also showed no obvious difference, 212 while line L-1 displayed mild changes in its phenotype compared with WT ( Fig. S3 ). 213 After one year, lines 1-3 and 1-4 died. After two years, transgenic plants displayed a 214 bushy dwarf phenotype with smaller, drooping and upward curling leaves and branch 215 softening and drooping ( Fig. 1b and Fig. S4 ). Moreover, transgenic leaves were 216 significantly thinner, and both their longitudinal and transverse diameters were 217 significantly shorter compared with WT ( Fig. 1c-e ). Such abnormal phenotypes 218 indicated that overexpressing CsGH3.1 and CsGH3.1L affected the basic plant 219 development. The decreased free IAA level in transgenic plants 229 To investigate the auxin content, the free IAA level in each transgenic line was 230 measured. The free IAA levels in the 1-5, 1-8, 1-9, L-2, L-5 and L-6 transgenic lines 231 were significantly lower than in WT plants before exposure to Xcc (Fig. 2 ). Other 232 lines showed no differences in free IAA levels compared with WT. After Xcc 233 inoculation, free IAA levels in these transgenic lines were still significantly lower 234 than in WT, although the levels were markedly decreased in both transgenic lines and 235 WT after Xcc inoculations (Fig. 2) . 
245

Overexpression of CsGH3 in citrus reduced susceptibility to Xcc
246
To evaluate the citrus canker resistance levels of transgenic plants, the 1-5, 1-8, 1-9,
247
L-2, L-5 and L-6 transgenic lines were inoculated with Xcc by in vitro pinpricks. The 248 diseased areas were determined 10 d after Xcc infection. Lesions around the pinprick 249 sites in transgenic lines were significantly smaller compared with WT ( Fig. 3a and b ).
250
The disease indices of these transgenic lines decreased significantly compared with 251 WT (Fig. 3c ), indicating that these transgenic lines had enhanced citrus canker 252 resistance. The lines 1-9 and L-5 showed the strongest resistance to citrus canker ( Fig showing high levels of resistance to citrus canker and a WT plant were compared 268 using RNA-Seq ( Fig. 4a ; Supplementary data S1). In total, 1,560 and 1,037 genes 269 were identified as DEGs in the 1-9 and L-5 transgenic lines, respectively, when 270 compared with a WT plant (Supplementary data S2). There were more upregulated 271 DEGs than downregulated DEGs in both the 1-9 and L-5 lines ( Fig. 4b ;
272
Supplementary data S2). In the GO annotation, most of the DEGs were classified into 273 metabolic process, cellular process, single-organism process, response to stimulus, 
286
The overexpression of CsGH3.1 or CsGH3.1L significantly affected hormone signal transduction.
287
To further survey the pathways or functions that were affected by the DEGs in 
311
Auxin-related genes 312 We investigated the DEGs related to auxin homeostasis, perception and signaling in 313 transgenic lines using a MapMan analysis. Most of the 28 auxin-related DEGs 314 showed significantly downregulated expression levels in both the 1-9 and L-5 315 transgenic lines, and most of these genes were assigned to auxin signaling 316 transduction ( Table 1 ). All 12 Aux/IAA family members, a group of auxin-induced 317 genes, showed significantly downregulated expression levels in the transgenic plants. 318 In addition, two of four SAUR-like auxin-responsive protein family members (ARG7), 319 and one auxin response factor (ARF10) also showed significantly downregulated 320 expression levels in the transgenic plants. The expression levels of three genes (PIN1,
321
PIN3 and AUX1-like protein 3) involved in auxin transport were significantly 322 downregulated in transgenic plants ( 
343
Among these genes, 33 and 18 genes showed significantly upregulated expression 344 levels in the 1-9 and L-5 lines, respectively (Supplementary data S5). 
363
Data presented in Table 3 show that 11 cell wall-related genes were differentially 
376
Effects of overexpression of CsGH3 on hormone contents of transgenic lines 377
Because the transgenic plants displayed severe dwarfism ( Fig. S4 ) and obvious 378 changes in transcriptional profiles involved in hormone metabolism ( Fig. 6; 379 Supplementary data S6), we investigated SA, JA, ABA, ZT and ET levels in the 1-9 380 and L-5 transgenic lines (Fig. 7) . The SA and ET contents in both 1-9 and L-5 381 transgenic lines were significantly greater than in WT. The JA, ABA and ZT contents 382 in the 1-9 transgenic line were significantly lower than in WT. No significant 383 difference in JA, ABA or ZT level was detected in the L-5 line compared with WT, 384 although the ABA and ZT levels were decreased in this transgenic line. 
391
Discussion
392
The GH3 gene family maintains hormonal homeostasis by conjugating free hormones 393 to amino acids during exposure to biotic and abiotic stresses. Our work first showed 394 that the overexpression of CsGH3.1 and CsGH3.1L decreased free IAA levels.
395
Correspondingly, transgenic plants displayed a bushy dwarf phenotype that is 396 associated with an auxin shortage [25] . Additionally, naphthalene acetic acid treatments 397 significantly induced the expression of CsGH3.1 in citrus leaves [26] . decreasing free IAA levels both before and after pathogen infection in citrus.
408
The transcriptomic data showed that the decrease in the free IAA level involved in cell division and growth [41] . Auxin inhibits the translocation of CsMAF1 459 from the nucleoplasm to nucleolus [42] , which decreased the accumulation of CsMAF1 symptom development [43, 44] . CsLOB1 upregulates the expression of pectate lyase, 470 extension, α-expansin and cellulose genes [3] , which are involved in the cell wall 471 loosening induced by pathogen infection [1] . Auxin triggers cell wall loosening by 472 rapidly acidifying cell walls [45] . Thus, pathogen-induced increases in auxin may have 473 synergistic roles in the cell wall loosening induced by CsLOB1. Our transcriptomic 474 data also showed that a decrease in free auxin significantly repressed the expression 475 levels of cell wall loosening-related genes. Similarly, Cernadas and Benedetti [5] 476 showed that the auxin transport inhibitor naphthyl-phthalamic acid repressed pustule signaling [46, 47] . In citrus, SA treatments enhance resistance to citrus canker [48] . 490 Moreover, SA also inhibits pathogen spread in plants by repressing auxin signaling 491 [14] , and Arabidopsis GH3.5 enhances the SA-mediated defense response [49] . Thus, we
